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(54) Clock recovery circuit 

(57) A clock recovery circuit capable of shortening 
time needed to obtain a synchronized state includes a 
first synchronous delay circuit to which a reference 
clock and data are input and which outputs a first clock, 
and a second synchronous delay circuit to which the ref- 
erence clock and a signal obtained by inverting the data 
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by an inverter are input and which outputs a second 
dock. The first and second clocks are combined by a 
pulse combining circuit for producing an extracted clock. 
The extracted clock serves as the latch timing of a latch 
circuit. 



108; REFERENCE CLOCK- 
107; DATA- 



15; INVERTER ^ 



101 



FIRST SYNCHRONOUS 
DELAY CIRCUIT 



SECOND SYNCHRONOUS 
DEIAY CIRCUIT 



-102 



j| A 5; 



PULSE COMBINIKIQ 
CIROilT 

EXTRACTED CLOCK 



Hfi^^Mb^ffl — 109: REPRODUCED DATA 
105 106 



CM 
< 

oo 

CO 
CO 



Q. 
LU 



Primed by Xerox (UK) Business Senrioes 
2.16.7/3.6 



BNSDOCID: <EP_0903a85A2_L> 



1 



EP0 903 885 A2 



2 



Descripti n 

FIELD OF THE INVENTION 

[0001 ] This invention relates to a clock recovery d rcuit 
and. more particularly, to a clock recovery circuit for 
shortening data and dock synchronization time. 

BACKGROUND OF THE INVENTION 

[0002] In order to perform burst-mode transition in the 
prior art, use is made of a clock recovery drcurt for gen- 
erating a clock that is accurately synchronized to data. A 
clock recovery circuit for such kxjrst-mode transmission 
according to the prior art will be described with refer- 
ence to Fig. 6, which is a block diagram illustrating the 
conventional clock recovery circuit. 
[0003] The clock recovery circuit depicted in Rg. 6 is 
disclosed in Electronics Letters, Nov. 5th 1992, Vol.28. 
No. 23. pp. 2127 - 2129. As shown in Fig. 6. the clock 
recovery circuit comprises a delay circuit (Delay) 305 to 
which data 301 is input; a gate-input controlled oscillator 
(GVCO) 307 to which the data 30 lis input; an inverter 
315 for inverting the data 301. which is Input thereto; a 
gate-input controlled oscillator (GVCO) 309 to which the 
Inverted data output by the inverter 31 5 is input; a multi- 
plexing circuit (MUX) 308 for combining the outputs of 
the gate-input controlled oscillators 307. 309 and out- 
putting the resulting signal as an extracted clock; a data- 
type flip-flop (referred as a "D-F/F" below) 306 having a 
data terminal to which the extracted clock 303 output by 
the multiplexing circuit 308 is input, whereby the 
delayed data 301 output by the delay circuit 305 is 
latched and output as reproduced data 302; a phase 
detecting circuit (PD) 311 to which a reference clock 
304 is input; and a loop filter (LF) / charge pump (CP) 
312 to which a signal output by the phase detecting 
circuits 11 is Input and from which an output signal is 
delivered to the gate-input controlled osdilators 
307,309 and to a gate-input controlled oscillator 
(GVCO)310, the latter delivering its output signal to the 
phase detecting drcuit 311 based upon the signal out- 
put by the loop filter / charge pump 312. 
[0004] The phase detecting circuit 311. loop filter 
/charge pump 312 and gate-input controlled 
osctllator310 in this clock recovery circuit construct a 
phase-locked loop (referred to as a **PLL" below). 
[0005] Thus, the clock recovery circuit shown in Fig. 
6is constituted by a PLL the basic components of which 
are the single loop filter / charge pump 312, the single 
phase detecting circuit 311, the single multiplexing cir- 
cuit 308, the single delay drcuit 305,the single D-F/F 
306 serving as a latch circuit, and the three gate-input 
controlled oscillators 307. 309,310. 
[0006} The operation of the conventional dock recov- 
ery circuit shown in Fig. 6 will now be described. 
[0007] In terms of the connections, an ordinary PLL is 
constructed by the loop filter / charge pump 312. phase 



detecting drcuit 31 1 and one gate-input controlled oscil- 
lator 310. The reference clock 304 is input to the phase 
detecting circuit 311, which becomes synchronized to 
the reference clock 304 and delivers its output to the 

5 loop filter / charge pump 312. The output signal from the 
loop filter / charge purrp 312enters the gate-input con- 
trolled osdilators 307, 309and 310. Accordingly, the 
outputs of the gate-input controlled osdilators 307 and 
309 are synchronized to the reference dock 304 at all 

10 times. 

[0003] The timings of the various signals associated 
with the conventional clock recovery circuit shown in 
Fig. 6will be described with reference to Fig. 7, which is 
a timing chart illustrating these signals. 

15 [0009] As shown in Fig. 7, the gate-input controlled 
oscillator 307 outputs a clock A in conformity with the 
rising edge of the data 301 and the gate-input controlled 
oscillator 309 outputs a clock B in conformity with the 
falling edge of the data 301 . The two clocks A and B are 

20 multiplexed by the multiplexing circuit 308, whereby the 
extracted clock 303 is produced. Further, owing to the 
input of the extracted clock 303 to its data terminal, the 
D-F/F 306latches the data 301 that has passed through 
the delay circuit 305 and generates the reproduced data 

25 302. As a resurt. the extracted dock 303 synchronized 
to the data and the reproduced data 302 can be 
obtained with the dock recovery circuit according to the 
prior art illustrated in Fig. 6. 

[0010] Further, a clock recovery circuit employing a 
30 similar technique using the data 301 instead of the ref- 
erence clock 304 has been disclosed in the 
1996Symposium on VLSI Circuits Digest of Technical 
Papers, pp. 122-123. 

35 SUMMARY OF THE DISCLOSURE 

[001 1 ] A problem with the conventional clock recovery 
circuits is that it is required that the single gate-input 
controlled osdilator 307 and single gate-input controlled 

40 oscillator 309 in the PLL be held in the synchronized 
state. As a result, it is required that the system wait for 
several dozen clock pulses or more until the synchro- 
nized state is obtained. This makes it difficult shorten 
synchronization tme. 

45 [0012] Accordingly, an object of the present invention 
is to provide a clock recovery circuit in which it is possi- 
ble to shorten the time needed to obtain synchroniza- 
tion. 

[0013] Further objects of the present invention will 
50 become apparent in the entire disclosure. 

[001 4] According to a first aspect of the present inven- 
tion, the foregoing objed is attained by providing a clock 
recovery drcuit comprising: a first synchronous delay 
drcuit (generally termed as "synchronous multi-step 
55 delay circuit"), to which a reference clock and data are 
input, for outputting a first clock; an inverter for inverting 
the data and then outputting inverted data; a second 
synchronous delay circuit, to which the reference clock 
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and the inverted data that is output by the inverter are 
input, for outputting a second dock; a delay circuit, to 
which the data is input, for outputting this input data 
upon delaying it; a pulse combining circuit, to which the 
first clock output by the first synchronous delay circuit 
and the second dock output by the second synchro- 
nous circuit are input, for combining these input clocks 
and outputting the result as an extracted clock; and a 
data-type flip-flop, having a data terminal to which the 
extracted dock output by the pulse combining circuit is 
input. In response to which the data-type flip-flop 
latches the data that has been delayed in the delay cir- 
cuit and outputs the latched data as reproduced data. 
[0015] The first synchronous delay circuit has (1) a 
first delay line, to which the reference dock is input, 
made up by at least one first individual delay drcuit; (2) 
a first selection drcuit array made up by at least one 
second individual selection circuit to which the refer- 
ence dock output by a respective one of the first individ- 
ual delay circuits making up the first delay line is input 
and which is rendered conductive based upon the data 
(to provide a first generated reference dock); and (3) a 
first NAND gate, to which the data and the (first gener- 
ated) reference ctock that Is output by the first selection 
circuit array are input, for outputting a first ctock. 
[0016] The second synchronous delay circuit has (1) 
a second delay fine, to which the reference clock is 
input, made up by at least one third Individual delay dr- 
cuit; (2) a second selection circuit array made up by at 
least one fourth individual selection drcuit to which the 
reference clock output by a respective one of the third 
individual delay circuits making up the second delay line 
is input and which is rendered conductive based upon 
the inverted data (to provide a second generated refer- 
ence clock); and (3) a second NAND gate, to which the 
data inverted by the inverter and the (second gener- 
ated) reference clock that is output by the second selec- 
tion circuit an-ay are input, for outputting a second dock. 
[0017] In accordance with the first aspect of the 
present invention, therefore, the reference dock is 
delayed by being input to the first delay line of the first 
synchronous delay circuit. By inputting the data to the 
first selection circuit array of the first synchronous delay 
circuit, the delayed reference clock is synchronized to 
the rising edge of the data arKi output as a first clock if 
the data is at the high logic level. By inputting the refer- 
ence clock to the second delay line of the second syn- 
chronous delay drcuit, the reference dock Is delayed. 
By irputting the inverted data Inverted by the inverter to 
the second selection drcuit array of the second syn- 
chronous delay circuit, the delayed reference dock is 
synchronized to the falling edge of the data and output 
as a second dock if the data is at the low logic level, i.e.. 
if the inverted data is at the high logic level. The 
extracted clock is obtained by combining the first and 
second clocks using the pulse combining drcuit. On the 
basis of the extracted dock, the data-type flip-flop 
latches the data delayed by the delay drcuit and outputs 



the latched data as reproduced data. This makes It pos- 
sible to shorten the time needed for clock synchroniza- 
tion. 

[0018] The actions of the first aspect of the present 

5 invention will now be described in further detail. 

[0019] Because the first and second synchronous 
delay circuits are provided, there are two delay tines that 
fix a delay time difference that is equal to the time differ- 
ence between the two Inputs to each synchronous delay 

10 drcuit. One input of the two inputs is the reference clock 
and the other input is the data. The time difference 
between the reference clock and the rising edge of the 
data is fixed by one output of the two delay line outputs 
and the time difference between the reference clock and 

15 the fatting edge of the data is fixed by the other output of 
the two delay line outputs, and a suitable time delay is 
applied to the reference clock. As a result, ctock pulses 
that are in phase with the edges of the data are gener- 
ated during each of the high and low levels of the data, 

20 the generated pulses are combined to obtain the 
extracted clock and the data is reproduced. 
[0020] In a preferred embodiment, the pulse combin- 
ing circuit is constituted by a third NAND gate. 
[0021] In accordance with this enribodiment, the 

25 effects of the first aspect of the invention are obtained 
and. in addition, the pulse combining circuit is consti- 
tuted by a third NAND. As a result, the combining of the 
first and second docks can be executed more accu- 
rately and with greater ease. 

30 [0022] According to a second aspect of the present 
invention, there is provided a ctock recovery circuit com- 
prising: a first synchronous delay drcuit, to which a ref- 
erence dock and data are Input, for outputting a first 
dock; an Inverter for inverting the data and then output- 

35 ting inverted data; a second synchronous delay circuit, 
to which the reference clock and the inverted data that 
is output by the inverter are Input, for outputting a sec- 
ond clock; a delay drcuit, to which the data is input, for 
outputting this input data upon delaying it; a pulse oom- 

40 bining drcuit. to which the first clock output by the first 
synchronous delay circuit and the second dock output 
by the second synchronous drcuit are input, for combin- 
ing these input docks and outputting the result as an 
extracted clock; and a data-type flip-flop, having a data 

45 terminal to which the extracted ctock output by the pulse 
combining circuit is Input, In response to which the data- 
type flip-flop latches the data that has been delayed In 
the delay circuit and outputs the latched data as repro- 
duced data. 

so [0023] The first synchronous delay drcuit has an 11th 
delay line, to which the reference clock Is Input, consti- 
tuted by at least one fifth Individuat delay circuit; a first 
selection circuit array constituted by at least one sixth 
individual selection circuit to which the reference ctock 

55 as welt as the reference clock output by a respective 
one of the fifth individual delay circuits constituting the 
11th delay line Is Input and which is rendered conduc- 
tive based upon the data to provide a first generated ref- 
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erence clock: a 1 2th delay line, to which the clock output 
by each sixth individual selection circuit constituting the 
first selection circuit array is input, constituted by at least 
one seventh individual delay circuit; and a first NAND 
gate to which the data and the (first generated) refer- 
ence clock that is output by the 12th delay line are input. 
[0024] The second synchronous delay circuit has a 
21st delay line, to which the reference clock is input, 
constituted by at least one eighth individual delay circuit: 
a second selection circuit array constituted by at least 
one ninth individual selection circuit to which the refer- 
ence clock as well as the reference dock output by a 
respective one of the eighth individual delay circuits 
constituting the 12th delay line Is input and which is ren- 
dered conductive based upon the inverted data inverted 
by the inverter (to provide a second generated refer- 
ence clock): a 22nd delay line, to which the reference 
clock output by each ninth individual selection circuit 
constituting the second selection circuit array is input, 
constituted by at least one tenth individual delay circuit; 
and a second NAND gate to which the data inverted by 
the inverter and the reference dock that is output by the 
22nddetay line are input 

[0025] In accordance with the second aspect of the 
present invention, therefore, the reference clock is 
delayed by inputting the reference clock to the 
Hthdelay line of the first synchronous delay circuit. By 
inputting data to the first selection circuit array, the 
delayed reference dock is output via the 1 2th delay line 
as the first clock of a clock that corresponds to the rising 
edge of the data. Further, the reference clock is delayed 
by being to the 21st delay line of the second synchro- 
nous delay circuit. By inputting the data inverted by the 
inverter to the secorxJ selection circuit array, a reference 
clock synchronized to the falling edge of the data, 
namely to the rising edge of the inverted data, is output 
via the 22nd delay line as a second clock. The first clock 
and the second dock are combined in the pulse com- 
bining circuit and the resulting signal is output as the 
extracted clock. By outputting the extracted clock to the 
data terminal of the data-type flip-flop, the latter latches 
the data delayed in the delayed circuit and outputs the 
latched data as r^roduced data. This makes it possible 
to shorten the time needed for clock synchronization. 
[0026] The actions of the second aspect of the present 
invention will now be described in further detail. 
[0027] Because the first and second synchronous 
delay circuits are provided, there are two delay circuits 
each comprising oppositely directed delay fines which 
function to fix a delay time difference that is equal to the 
time difference between the two inputs of each synchro- 
nous delay circuit. One input of the two inputs is the ref- 
erence dock and the other input is the data. One output 
of the two delay circuit outputs is enabled when the data 
is at the high level and the other output of the two delay 
circuit outputs is enabled when the data is at the low 
level. The time differences between the reference clock 
and the rising and falling edges of the data are fixed and 



a suitable time delay is applied to the reference clock. 
As a result, clock pulses that are in phase with the 
edges of the data aregenerated during each of the high 
and low levels of the data, and the generated pulses are 
5 combined to obtain the extracted cIocK whereby the 
data is reproduced. In a preferred embodiment, the 
pulse combining drcuit is constituted by a third NAND 
gate. 

[0028] In accordance with this embodiment, the 

10 effects of the second aspect of the invention are 
obtained and, in addition, the pulse combining circuit is 
constituted by a third NAND. As a result, the combining 
of the first and second docks can be executed more 
accurately and with greater ease. 

15 [0029] According to a third aspect of the present 
invention, there is provided a clock recovery circuit com- 
prising: a synchronous delay circuit to which a reference 
dock is input; a first oscillator, to which data is input, for 
outputting a first clock; an Inverter for inverting the data 

20 and then outputting inverted data; a second oscillator, to 
which the inverted data output by the inverter is input, 
for outputting a second clock; a pulse combining circuit 
for combining the first dock output by the first oscillator 
and the second clock output by the second osdilator 

25 and outputting the result as an extracted clock; a delay 
drcuit, to which the data is input, for outputting this input 
data upon delaying it; and a data-type flip-flop, having a 
data terminal to which the extracted clock output by the 
pulse combining circuit is input, in response to which the 

30 data-type flip-flop latches the data that has been 
delayed in the delay circuit and outputs the latched data 
as reproduced data. 

[0030] The synchronous delay circuit has a first delay 
line, to which the reference dock is input, constituted by 

35 at least one 1 1 th (first) individual delay circuit; and a first 
selection drcuit array constituted by at least one 12th 
(first) individual selection circuit to which the reference 
dock as well as the reference dock output by a respec- 
tive one of the 1 1thindividual delay circuits constituting 

40 the first delay line is input. 

[0031] The first oscillator has an 1 1th (first) selection 
drcuit array, to which the reference clock output by each 
12th (first) individual selection circuit constituting the 
first selection circuit array is input, constituted by at least 

45 one 13th (first) individual selection circuit: an 1 1th (first) 
delay line, to which the reference clock output from each 
13th (first) individual selection drcuit constituting the 
11th (first) selection circuit array is input, constituted by 
at least one1 4th (first) individual delay circuit; and a first 

50 NAND gate, to which the data and the reference clock 
that is output by the 1 1th (first) delay line are input, for 
outputting a first clock to each 13th (first) individual 
selection drcuit constituting the 1 1th (first) selection cir- 
cuit array and to the pulse combining circuit. 

55 [0032] The second oscillator has a 12th (second) 
selection circuit array, to which the reference clock out- 
put by each 12th (second) individual selection circuit 
constituting the first selection drcuit array is input, con- 
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stituted by at least one 15th (second) individual selec- 
tion circuit; a 12th (second) delay line, to which the 
reference clock output from each 15th (second) individ- 
ual selection circuit constituting the 12th (second) selec- 
tion circuit array is input, constituted by at least one 16th 5 
(second) individual delay circuit; and a second NAND 
gate, to which the inverted data inverted by the inverter 
and the reference clock that is output by the 12th (sec- 
ond) delay line are input, for outputting a second dock 
to each 15th (second) individual selection circuit consti- 
tuting the 12th selection circuit array and to the pulse 
combining circuit. 

[0033] In accordance with the third aspect of the 
present Invention, therefore, the reference dock Is 
delayed by being input to the first delay line of the syn- 
chronous delay circuit. By inputting the reference dock 
to the first selection circuit array of the synchronous 
delay circuit, the delayed reference clock is output by 
the first delay line. The delayed reference clock output 
by the first selection drcuit array of the synchronous 
delay circuit is output to the 11th selection circuit array 
of the first oscillator, and the output signal from the 1 1th 
selection drcuit array is input to the 11th delay line of 
the first osdilator, whereby the first clock is output by the 
first oscillator. Similarly, the delayed reference dock out- 
put by the first selection drcuit array is output to the 12th 
selection circuit array of the second osdilator, and the 
output signal from the 12th selection drcuit array is 
input to the 12th delay line of the second osdilator. 
whereby the second clock is output by tiie second osdi- 
lator. The first clock and the second clock are combined 
in the pulse combining circuit and the resulting signal is 
output as the extracted dock. By inputting the extracted 
clock to the data terminal of the data-type flip-flop, the 
latter latches the data delayed in the delayed circuit and 
outputs tiie latched data as reproduced data. This 
makes it possible to shorten the time needed for dock 
synchronization. 

[0034] The actions of the third aspect of tiie present 
invention will now be described in further detail. 
[0035] Because the synchronous delay circuit and the 
first and second osdilators are provided, there are two 
delay lines that fix a delay time difference that is equal 
to the time difference between two inputs comprising 
successive dock pulses, and two oscillators in which 
the numbers of structural elements are decided thereby 
One oscillator is enabled when the data is at the high 
logic level, the other oscillator is enabled when the data 
is at the low logic level, and dock pulses synchronized 
to tiie edges of the data are generated. 
[0036] In a preferred embodiment, the pulse combin- 
ing drcuit is constituted by a third NAND. 
[0037] In accordance with this embodiment, the 
effects of the third aspect of the invention are obtained 
and. in addition, the pulse combining circuit is consti- 
tuted by a tiiird NAND. As a result, the combining of the 
first and- second clocks can be executed more accu- 
rately and with greater ease. 



[0038] According to a fourth aspect of the present 
invention, there is provided a clock recovery circuit com- 
prising: a synchronous delay drcuit to which data is 
input; a first osdilator, to which the data is input, for out- 
putting a first clock; an inverter, to which tiie data is 
input, for outputting inverted data; a second oscillator, to 
which the inverted data output by the inverter is input, 
for outputting a second dock; a pulse combining drcuit. 
to which the first clock output by the first oscillator and 
the second dock output by the second oscillator are 
input, for combining these two input clocks and output- 
ting the result as an extracted clock; a delay circuit, to 
which tiie data is input, for outputting this input data 
upon delaying it; and a data-type flip-flop, having a data 
terminal to which the extracted dock output by the pulse 
combining circuit is input, in response to which the data- 
type flip-flop latches the delayed data output by the 
delay circuit and outputs the latched data as reproduced 
data. 

[0039] The synchronous delay circuit has a first delay 
line, to which the data is input, constituted by at least 
one 17th (first) individual delay circuit; and a first selec- 
tion drcuit array constituted by at least one IStii (first) 
individual selection circuit to which the data as well as 
the data output by each 17th (first) individual delay^cir- 
cuit constituting tiie first delay line is input. 
[0040] The first oscillator has an 1 1tii (first) selection 
drcuit aaay. to which the data output by each 18th (first) 
individual selection circuit constituting tiie first selection 
drcuit array is input, constituted by at least one 19th 
(first) individual selection drcuit; two 11th (first) delay 
lines, to which the data output from each 19th individual 
selection drcuit constituting tiie 1 1tii (first) selection cir- 
cuit array is input, constituted by at least one 20th (first) 
individual delay circuit; and a first NAND gate, to which 
the data as well as the data that is output by the two 
1 1th (first) delay lines is input, for outputting a first clock 
to each 19th (first) individual selection circuit constitut- 
ing tiie 1 1 til (first) selection circuit anray and to the pulse 
combining circuit. 

[0041] The second oscillator has a 12th (second) 
selection circuit array, to which the data output by each 
18th (second) individual selection circuit constituting the 
first selection circuit array is input. constKuted by at least 
one 21st (second) individual selection circuit; two 12th 
(second) delay lines, to which the data output from each 
21st (second) individual selection circuit constituting the 
12th (second) selection circuit array is input, constituted 
by at least one 22nd (second) individual delay circuit; 
and a second NAND gate, to which the inverted data 
inverted by the inverter as well as the data that is output 
by the two 12tti (second) delay lines is input, for output- 
ting a second dock to each 21st (second) individual 
selection circuit constituting the 12tfi (second) selection 
drcuit array and to the pulse combining circuit. 
[0042] In accordance with the fourth aspect of the 
present invention, therefore, the data is delayed by 
being input to the first delay line of the synchronous 
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delay circuit. By inputting the data to the first selection 
circuit array of the synchronous delay circuit, the 
delayed data is output by the first delay line. The 
delayed data output by the first selection circuit array of 
the synchronous delay circuit is input to the 11 th selec- 
tion circuit array of the first oscillator, and the delayed 
data output by the 1 ith selection circuit array is input to 
the 1 1th delay line, whereby the first clock is output by 
the first oscillator. Similarly, the delayed data output by 
the first selection circuit array of the synchronous delay 
circuit is input to the 12th selection circuit array of the 
second oscillator, and the delayed data output by the 
12th selection circuit array is input to the 12th delay line, 
whereby the second clock is output by the second oscil- 
lator. The first clock and the second clock are combined 
by the pulse combining circuit and the resulting signal is 
output as the extracted clock. Furthermore, on the basis 
of the extracted clock input to the data terminal of the 
data-type flip-flop, the data delayed in the delayed cir- 
cuit is latched and output as reproduced data. This 
makes it possible to shorten the time needed for clock 
synchronization. 

[0043] The actions of the fourth aspect of the present 
invention will now be described in further detail. 
[0044] Because the synchronous delay circuit and the 
first and second oscillators are provided, there are two 
delay lines that fix a delay time difference that is equal 
to the time difference between two inputs comprising 
successive clock pulses, and two oscillators in which 
the numbers of structural elements are decided thereby. 
One oscillator is enabled when the data is at the high 
logic level, the other oscillator is enabled when the data 
is at the low logic level, and clock pulses synchronized 
to the edges of the data aregenerated. 
[0045] In a preferred embodiment, the pulse combin- 
ing circuit is constituted by a third NAND gate. 
[0046] In accordance with this embodiment, the 
effects of the fourth aspect of the invention are obtained 
and, in addition, the pulse combining circuit is consti- 
tuted by a third NAND. As a result, the combining of the 
first and second clocks can be executed more accu- 
rately and with greater ease. 

[0047] According to a fifth aspect of the present inven- 
tion, there is provided a clock recovery circuit compris- 
ing: 

(a) a first synchronous delay circuit, to which a data 
signal is input, for outputting a first clock (A); 

(b) an inverter inverting the data signal and then 
outputting an inverted data signal; 

(c) a second synchronous delay circuit, to which the 
inverted data signal is input, for outputting a second 
clock (B); 

(d) a delay circuit, to which the data signal is input, 
for outputting this input data signal upon delaying; 

(e) a pulse combining circuit, to which the first clock 
(A) and the second clock (B) are input, for combin- 
ing these input clocks and outputting the result as 



an extracted clock; and 

(f) a data-type flip-flop, having a data terminal to 
which the extracted clock output by said pulse com- 
bining circuit is input, in response to which the data- 

5 type flip-flop latches the data signal that has been 
delayed in the delay circuit and outputs the latched 
data signal as a reproduced data signal; 

(g) wherein the first and second synchronous delay 
circuits are mutually complementary synchronous 

10 multi-step delay circuits outputting first and second 
output signals synchronized with the data signal 
during a period of time which corresponds to the 
first state and second state of the data signal, 
respectively, as a pulse signal having a pulse period 

15 substantially shorter than the minimal period of the 
states of said data signal so as to minimize the time 
period needed to reach synchronization. 

[0048] In this aspect the synchronous delay circuits 
20 receive a reference clock for synchronization having the 
pulse period of the pulse signal. Preferably, the pulse 
period of the pulse signal is a half of the minimal period 
of the states of the data signal. 

[0049] It is preferred that each of the synchronous 
25 multi-Step delay circuits comprises an array of individual 
delay circuits, each step of which is connected to a cor- 
responding step of an array of individual selection cir- 
cuits. 

[0050] The data signal is supplied to each step of the 
30 array of the individual selection circuits to allow any of 
this step to output a generated reference clock which is 
supplied to a NAND which f urthe* receives the data sig- 
nal and outputs any of the first and second clocks (A. B), 
respectively. 

35 [0051 ] The array of individual selection circuits may be 
connected in the same order as the array of individual 
delay circuits. Alternatively, the array of individual selec- 
tion circuits may be connected in an order opposite to 
the array of individual delay circuits. 

40 [0052] According to a sixth aspect of the present 
invention, there is provided a clock recovery circuit com- 
prising: 

(a) a synchronous multi-step delay circuit to which a 
45 reference clock is input; 

(b) a first oscillator, to which a data signal is input, 
for outputting a first clock (A); 

(c) an inverter inverting the data signal and then 
outputting an inverted data signal; 

50 (d) a second oscillator, to which the inverted data 
signal output by the inverter is input, for outputting a 
second clock (B); 

(e) a pulse combining circuit for combining the first 
dock (A) output by said first oscillator and the sec- 

55 ond clock (B) output by the second oscillator and 
outputting the result as an extracted clock; 

(f) a delay circuit, to which the data signal is input, 
for outputting this input data signal upon delaying; 
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and 

(g) a data-type flip-flop, having a data terminal to 
which the extracted clock output by the pulse com- 
bining circuit is input, in response to which the data- 
type flip-flop latches the data signal that has been 5 
delayed in the delay circuit and outputs the latched 
data signal as a reproduced data signal. 

[0053] In this aspect, the synchronous multi-step 
delay circuit comprises an array of individual delay dr- io 
cuits. each step of which provides a generated refer- 
ence clock to be supplied to each step of the first and 
second oscillators. 

[0054] The first and second oscillators are mutually 
complementary synchronous oscillators outputting first is 
and second output signals synchronized with the data 
signal during a period of time which corresponds to the 
first state and second state of the data signal, respec- 
tively, as a pulse signal having a pulse period substan- 
tially shorter than the minimal period of the states of the 20 
data signal so as to minimize the time period needed to 
reach synchronization. 

[0055] According to a seventh aspect of the present 
invention, there is provided a clock recovery circuit com- 
prising: 25 

(a) a synchronous multi-step delay circuit to which a 
data signal is input: 

(b) a first oscillator, to which the data signal is input, 

for outputting a first clock (A); 30 

(c) an inverter, to which the data signal is input, for 
outputting an inverted data signal; 

(d) a second oscillator, to which the inverted data 
signal output by the inverter is input, for outputting a 
second clock (B); 35 

(e) a pulse combining circuit, to which the first clock 
(A) and the second clock (B) are input, for combin- 
ing these two input clocks and outputting the result 
as an extracted clock; 

(0 a delay circuit, to which the data signal is input, 40 
for outputting this input data signal upon delaying; 
and 

(g) a data-type flip-flop, having a data terminal to 
which the extracted clock output by the pulse com- 
bining circuit is input, in response to which the data- 45 
type flip-flop latches the delayed data signal output 
by the delay circuit and outputs the latched data as 
reproduced data signal. 

[0056] In this aspect, the synchronous multi-step so 
delay circuit comprises an array of individual delay cir- 
cuits, each step of which provides a generated refer- 
ence clock to be supplied to each step of the first and 
second oscillators. 

[0057] The first and second oscillators are mutually ss 
complementary synchronous oscillators outputting first 
and second output signals synchronized with the data 
signal during a period of time which corresponds to the 




first state and second state of the data signal, respec- 
tively, as a pulse signal having a pulse period substan- 
tially shorter than the minimal period of the states of the 
data signal so as to minimize the time period needed to 
reach synchronization. 

[0058] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] 

Rg. 1 is a block diagram illustrating a mode of prac- 
ticing a clock recovery circuit according to the 
present invention; 

Rg. 2A is a circuit diagram illustrating a first embod- 
iment of a clock recovery circuit according to the 
present invention; 

Rg. 2B is a timing chart of various signals associ- 
ated with the clock recovery circuit shown in Fig. 
2A: 

Rg. 3A is a circuit diagram illustrating a second 
embodiment of a dock recovery circuit according to 
the present invention; 

Rg. 3B is a timing chart of various signals associ- 
ated with the clock recovery circuit shown in Fig. 
3A: 

Rg. 4A is a circuit diagram illustrating a third 
embodiment of a dock recovery circuit according to 
the present invention; 

Rg. 4B is a timing chart of various signals associ- 
ated with the clock recovery circuit shown in Fig. 
4A; 

Rg. 5A is a circuit diagram illustrating a fourth 
embodiment of a dock recovery circuit according to 
the present invention; 

Rg. 5B is a timing chart of various signals associ- 
ated with the clock recovery circuit shown inPig. 5A; 
Rg. 6 is a block diagram showing a clock recovery 
circuit according to the prior art; and 
Fig. 7 is a timing chart of various signals associated 
with the clock recovery drcuit according to the prior 
art shown in Fig. 6. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0060] A mode of practicing a clock recovery drcuit 
according to the present invention will now be described 
with reference to the drawings. 

[0061] Fig. 1 is a block diagram illustrating the con- 
struction of first and second embodiments (described 
later) of a clock recovery drcuit according to the present 
invention. 

[0062] As shown in Fig. 1 , the dock recovery drcuit 
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includes a first synchronous dela/ circuit 101. to which 
a reference dock 108 and data 107 are input, for output- 
ting a first clock A to a pulse combining circuits; an 
inverter 15. to which the data 107 is input, for inverting 
the data 107 and outputting the inverted data; a second 
synchronous delay circuit 102. to which the reference 
clock 108 and inverted data that is output by the inverter 
are input, for outputting a second clock B to the pulse 
confibining circuit 5; a delay circuit 105. to which the 
data 107 is input, for outputting the input data 107 to a 
latch circuit 106upon delaying the data; the pulse com- 
bining circuit 5,to which the first clock A output by the 
first synchronous delay circuit 101 and the second clock 
B output by the second synchronous circuit 102 are 
input, for combining these input clocks and outputting 
the result as an extracted dock 110; and the latch 
circuitlOS which, on the basis of the signal output by the 
pulse combining circuit 5. latches the delayed signal 
output by the delay circuit 105 and outputs reproduced 
data 109. 

[0063] Thus, the dock recovery circuit is so adapted 
that the data 107 enters the first synchronous delay cir- 
cuit 101 and is also inverted by the inverter 15 before 
entering the second synchronous delay circuit102. Fur- 
ther, the reference clock 1 08 enters the first and second 
synchronous delay circuits 101. 102. When the data 
107 is a high-level pulse, the first synchronous delay dr- 
cuit 101 outputs the first clock A the timing whereof is 
synchronized to the rising edge of the data 107. When 
the data 107 is a low-level pulse, the second synchro- 
nous delay circuit 102 outputs the second clock B the 
timing whereof is synchronized to the ^ling edge of the 
data 107. The pulse combining circuit 5 combines the 
first and second clocks A. B and outputs the combined 
signal as the extracted clock 110. 
[0064] The extracted clock 1 10 is output to the latch 
circuit 106. to which the data 107 delayed via the delay 
circuit 105 is input. The entered data is latched by the 
latch circuit 106 based upon the timing of the extracted 
clock 110 and is sent to the next stage as reproduced 
data 109 together with the extracted clockl 10. 
[0065] It should be noted that the clock recovery dr- 
cuit shown in Fig. 1 may be implemented by a synchro- 
nous delay circuit and ring oscillator in combination. 
[0066] A first emlxxliment of the clock recovery drcuit 
according to the present invention will be described with 
reference to Fig. 2. 

[First Embodiment] 

[0067] Fig. 2A is a circuit diagram illustrating a first 
embodiment of a clock recovery circuit according to the 
present invention, and Fig. 2B is a timing chart of vari- 
ous signals associated with the clock recovery drcuit 
shown in Fig. 2A. Components and signals in Fig. 2A 
identical with those shown in Fig. 1 are designated by 
like reference characters. 

[0068] As shown in Fig. 2A. the clock recovery drcuit 



according to the first embodiment of the present inven- 
tion includes the first synchronous delay circurtlOl, to 
which the reference clock 108 and the data 107 are 
input, for outputting the first clock A to the pulse combin- 

5 ing drcuit 5; the inverter 15. to which the data 107 is 
input, for inverting the input data 107 and outputting the 
inverted data; the second synchronous delay circuit 
102. to which the reference clock 108 and the signal that 
Is output by the inverter15 are input, for outputting the 

10 second clock B to the pulse combining circuit 5; the 
delay circuit 105, to which the input data 107 is input, for 
outputting the input data to the latch circuit 1 06. which is 
constituted by a D-F/F, upon delaying the data; the 
pulse combining drcuit 5, to which the first clock A out- 

15 put by the first synchronous delay drcuit 101 and the 
second dock B output by the second synchronous cir- 
cuit 102 are input, for combining these input clocks and 
outputting the result as the extracted clock 1 10;and the 
latch circuit 106 comprising the D-F/F which, on the 

20 basis of the signal output by the pulse combining circuit 
5. latches the delayed signal output by the delay circuit 
105 and outputs the reproduced data 109. 
[0069] The first synchronous delay circuit 101 
includes a first delay line 101 A constituted by at least 

25 one first individual delay circuit 101 AT; a first selection 
circuit array 103 constituted by at least one first individ- 
ual selection circuit 103T: and a first NAND gate 51 for 
executing a NAND operation. The pulse combining cir- 
cuit 5 preferably is implemented by a NAND gate for 

30 performing a NAND operation in order to execute the 
pulse combining operation accurately and with facility. 
[0070] The reference clock 108 enters the first delay 
line 101 A and is delayed by this delay line while being 
transmitted therethrough. 

35 [0071] The data 107 enters the first selection circuit 
an^ay 103. Each first individual selection circuit 103T 
constituting the first selection circuit array 103 is ren- 
dered conductive if the data 107 Is at the high logic 
level, whereby the reference clock 108 output by each 

40 first individual delay drcuit 101 AT constituting the first 
delay line 101 A is allowed to pass and be output to the 
NAND gate 51. 

[0072] The NAND gate 51 takes the NAND between 
the data 107 and a reference clock output by the first 
45 selection drcuit array 103 (i.e.. a first generated refer- 
ence clock originating from the reference clock 108 via 
the first delay line) and outputs the result of the NAND 
operation to the pulse combining circuit 5 as the first 
clock A. 

50 [0073] The second synchronous delay circuit 102 
includes a second delay line 102 A constituted by at 
least one second individual delay drcuit 102AT; a sec- 
ond selection circuit array 104 constituted by at least 
one second individual selection circuit 104T; and a sec- 

55 ond NAND gate 52 for executng a NAND operation. 
[0074] The reference clock 108 enters the second 
delay line 102A and is delayed by this delay line while 
being transmitted therethrough. 



8 



: <EP 0903885A2 I > 



15 



EP0 903 885 A2 



16 



[0075] A signal (inverted data) obtained by inversion 
of the data 107 by the inverter 15 enters the second 
selection circuit array 104. Each second individual 
selection circuit104T constituting the second selection 
circuit an'ay104 is rendered conductive if the input sig- 
nal is high, i.e.. if the data 107 is at the low logic level, 
whereby the reference clock 108 oulput by each second 
individual delay circuit 102AT constituting the second 
delay line 102A Is allowed to pass and be output to the 
NAND gate 52. 

[0076] The NAND gate 52 takes the NAND between 
the signal (inverted data) obtained by inverting the data 
107 and the reference clock 108 output by the second 
selection circuit array 104 and outputs the result of the 
NAND operation to the pulse combining circuit 5 as the 
second clock B. 

[0077] Thus, in the first embodiment Illustrated in 
Fig.2A, the clock recovery circuit is composed of the 
first synchronous delay circuit 101, second synchro- 
nous delay circuit 102, delay circuit 105 and latch circuit 
lOS.which is constituted by a D-F/R The data 107 
enters the first synchronous delay circuit 101 and, upon 
being inverted by the inverter 15, enters the second 
synchronous delay circuit 102. 

[0078] The reference clock 108 enters both the first 
synchronous delay circuit 101 and second synchronous 
delay circuit 102. When the data is a high-level pulse, 
the first synchronous delay circuit 101 outputs the first 
clock A the timing whereof is synchronized to the rising 
edge of the data 107. When the data 107 is a low-level 
pulse, the second synchronous delay circurt102 outputs 
the second clock B the timing whereof is synchronized 
to the telling edge of the data 107. The pulse combining 
circuit 5 combines the first and second clocks A, 6 and 
outputs the combined signal as the extracted clock 1 10. 
[0079] As mentioned above, the first synchronous 
delay circuit 101 is constituted by the first delay line 
101 A and first selection circuit array 103. and the sec- 
ond synchronous delay circuit 102 is constituted by the 
second delay line 102 A and second selection circuit 
array 104. Accordingly, since the first synchronous 
delay circuit 101 and second synchronous delay 
circuit102 are substantially similar in terms of their con- 
struction and operation, only the operation of the first 
synchronous delay circuit 101 will be described in fur- 
ther detail. 

[0080] The reference clock 1 08 and data 1 07 enter the 
first synchronous delay circuit 101, as set forth above. 
The reference clock 108 enters the first delay line 101 A 
and travels along the first delay line 101 A as is. When 
the data 107 undergoes a transition from the low to the 
high level during this time, one of the first individual 
selection circuits 103T (of the first selection circuit array 
103) that is located at the current position of the refer- 
ence clock 108 is rendered conductive. As a result, the 
reference clock 108 exits to the NAND gate 51 from this 
position of the selection circuit array. The NAND gate 
51. which is for executing the NAND operation, allows 



the reference clock 108 (more exactly, first generated 
reference dock) to pass and be output to the pulse com- 
bining circuit 5 during the time that the data 107 is at the 
high level. 

5 [0081] The extracted clock 110 output by the pulse 
combining circuit 5 is delivered to the latch drcuitlOS. to 
which the data 107 is input via the delay circuit 105. On 
the basis of the extracted dock 1 10, the latch drcuit 106 
latches the data 107 and sends the data to the next 

10 stage as the reproduced data 109 along with the 
extracted clock 110. 

[0082] The timing of each signal in the first embodi- 
ment of the clock recovery circuit according to the 
present invention shown in Fig. 2A will be described 
15 with reference to Fig. 2B, which is a timing chart of the 
associated signals. 

[0083] Fig. 2B illustrates the timings of the reference 
dock 108, data 107. first clock A. secorxJ clock B, 
extracted clock 110 and reproduced data 109. 

20 [0084] As shown in Fig. 2B, the first clock A is output 
in synchronization with the rising edge of the reference 
dock 108 while the data 107 is at the high logic level, 
and the second dock B is oulput in synchronization with 
the falling edge of the reference dock 108 while the data 

25 107 is at the low logic level. The extracted dock 110 is 
synchronized to the data 107,and so is the reproduced 
data 109. 

[0085] in accordance with the first embodiment, there- 
fore, the synchronization of the extracted clockllO to 
30 the data 1 07 in the dock recovery circuit is implemented 
by logic circuitry. As a result, synchronization error 
attendant upon voltage fluctuation or the like does not 
readily occur and synchronization time can be short- 
ened. 

35 

[Second Embodiment] 

[0086] A second embodiment of a dock recovery cir- 
cuit according to the present invention will be descrit^ 

40 with reference to Figs. 3A and 38. Fig. 3A is a circuit 
diagram illustrating a second embodiment of a dock 
recovery drcuit according to the present invention, and 
Fig. 3B is a timing chart of various signals associated 
with the dock recovery circuit shown in Fig. 3A. Compo- 

45 nents and signals in Figs. 3Aand 3B identical with those 
of the first embodiment shown in Figs. 2A and 2B are 
designated by like reference characters. 
[0087] As shown in Fig. 3A. the clock recovery drcuit 
according to the second embodiment of the present 

50 invention includes the first synchronous delay circultl 01 
to which the reference clock 108 and the data 107are 
input; the second synchronous delay circuit 102, to 
which the reference clock 108 and a signal obtained by 
inversion of the data 1 07 by the inverter 1 5 are input: the 

55 inverter 15 for inverting the input data 107 and output- 
ting the inverted data; the pulse combining circuit 5 for 
combining the first clock A oulput by the first synchro- 
nous delay circuit 101 and the second clock B output by 
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the second synchronous circuit 102and outputting the 
result as the extracted clock 1 10;the delay circuit 105. to 
which the input data 107 is input, for outputting the input 
data upon delaying the data; and the latch circuit 106 
corrprlsing the D-F/F which, on the basis of the timing 
of the extracted clockl 1 0, latches the data output by the 
delay circuit lOSand outputs the reproduced data 109. 
[0088] The first synchronous delay circuit 101 
Includes the first delay line 101 A (connected In the ordi- 
nary order in series) constituted by at least one first indi- 
vidual delay circuit 1 0 1 AT; the first selection circuit array 
103 constituted by at least one first individual selection 
circuit 103T; a first delay line 101 B (connected in the 
reversed order in series) constituted by at least one first 
individual delay circuit 101 BT; and the first NAND gate 
51 for executing a NAND operation. The pulse combin- 
ing circuit 5 preferably is implemented by a NAND gate 
for performing a NAND operation in order to execute the 
pulse combining operation accurately and with facility. 
[0089] The reference clock 108 enters the first delay 
line 101 A of the first synchronous delay circuit 101 and 
Is delayed by this delay line while being transmitted 
therethrough. 

[0090] The data 1 07 and the reference clock 1 08 enter 
the first selection circuit array 103. Each first individual 
selection circuit 103T constituting the first selection cir- 
cuit array 103 is rendered conductive If the data 107 is 
at the high logic level, whereby the reference clock 108 
output by the respective first Individual delay circuit 

101 AT constituting the first delay line 101 A (ordinary 
order of connection In series) is output to the first delay 
line 101 B (reverse order of connection In series). 
[0091 ] The reference clock 1 08 output to the first delay 
line 101B is transmitted upon being delayed thereby 
and the output signal of the first individual delay line 
101B Is delivered to the NAND gate 51. The signal 
delivery to the NAND gate 51 Is done via the first Individ- 
ual delay circuit of the last order of connection (leftmost 
one in Fig. 3A) corresponding to the first order of con- 
nection of the first individual delay circuit. 

[0092] The NAND gate 51 . to which the data 1 07 and 
the output signal from the first delay line 1018 are input, 
takes the NAND between these signals and outputs the 
result of the NAND operation to the pulse combining cir- 
cuit 5 as the first clock A. 

[0093] The second synchronous delay circuit 102 
Includes the second delay line 102A constituted by at 
least one second individual delay circuit 102AT; the sec- 
ond selection circuit array 104 constituted by at least 
one second individual selection circuit 104T: a second 
delay line 102B constituted by at least one second indi- 
vidual delay circuit 102BT: and the NAND gate 52 for 
executing a NAND operation. 

[0094] The reference clock 1 08 enters the second first 
delay line 102A of the second synchronous delay circuit 

102 and is delayed by this delay line while being trans- 
mitted therethrough. 

[0095] A signal obtained by inversion of the data 1 07 
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by the Inverter 15 enters the second selection circuit 
array 104. Each second individual selection circuit 104T 
constituting the second selection circuit anray104 is ren- 
dered conductive if the input signal is high, i.e.. if the 

5 data 1 07 is at the low logic level, whereby the reference 
dock 108 output by the respective second individual 
delay circuit 102 AT constituting the second delay line 
102 A is output to the second delay line 1028. 
[0096] The reference clock 1 08 output to the second 

10 delay line 1028 is ti-ansmitted along tiie second delay 
linel02B and the output of the second delay line 102B 
is delivered to the NAND gate 52. 
[0097] The NAND gate 52. to which tiie signal 
obtained by Inversion of tiie data 107 by the inverter and 

75 the output signal from the second individual delay 
line102B are input, takes the NAND between these sig- 
nals and outputs the result of the NAND operation to the 
pulse combining circuit 5 as the second clock 8. 
[0098] Thus, in the second embodiment Illustrated In 

20 Fig. 3 A, the clock recovery circuit is conrposed of the 
first synchronous delay circuit 101, second synchro- 
nous delay circuit 102, delay circuit 105 and latch circuit 
106,in a manner similar to that of the first embodiment. 
The second synchronous delay circuit 102 acts In com- 

25 plementary fashion with the first synchronous delay cir- 
cuit as regards the H/L relation of the data. 
[0099] The data 107 enters the first synchronous 
delay circuit 101 and, after being Inverted by the 
Inverter15. enters tiie second synchronous delay circuit 

30 1 02.The reference clock 108 enters both the first and 
second synchronous delay circuits 101, 102. When the 
data 107 is a high-level pulse, the first synchronous 
delay circuit 101 outputs tiie first clock A the timing 
whereof is synchronized to the rising edge of the 

35 data107. When the data 107 is a low-level pulse, the 
second synchronous delay circuit 102 outputs the sec- 
ond clock B the timing whereof is synchronized to the 
falling edge of the data 107. TTie pulse combining circuit 
5 combines the first and second clocks A. B and outputs 

40 the combined signal as the extracted clock 110. 

[01 00] According to tiie second embodiment, the first 
synchronous delay circuit 101 is constituted by the first 
delay line 101 A. first selection circuit an-ay 103 and first 
delay line 1018, and the second synchronous delay cir- 

45 cult 102 is constituted by the second delay line 102A, 
second selection circuit array 104 and second delay line 
102B. Accordingly, since the first synchronous delay cir- 
cuit 101 and second synchronous delay circuit 102 are 
substantially similar In terms of their construction and 

50 Operation (provided that the connecting order of individ- 
ual delay circuits is reversed), only the operation of the 
first synchronous delay circuit 101 will be described In 
further detail. 

[01 01 ] The reference clock 1 08 and data 1 07 enter tiie 
55 first synchronous delay circuit 101. as set forth above. 
The reference clock 108 enters the first delay line 101 A 
and travels along tiie first delay line 101 A as is. When 
the data 107 undergoes a transition from the low to tiie 
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high level during this time, one first individual selection 
circuit 103T of the first selection circuit array 103 that is 
located at the current position of the reference clock 108 
is rendered conductive. 

[0102] The reference clock 108 that does not pass 
through the first delay line 101 A exits to the NAND gate 
51 through the first delay line 101B from the above- 
mentioned position of the selection circuit array 
lOS.During the time that the data 107 is at the high 
level, the NAND gate 51 allows the reference dock 108 
to pass and outputs the first clock A to the pulse com- 
bining circuit 5. 

[0103] The pulse combining circuit 5 outputs the 
extracted clock 110, which is delivered to the latch cir- 
cuit 106 constituted by the D-F/F. The data 107 enters 
the latch circuit 106 via the delay circuit 105 and is 
latched on the basis of the extracted clock 110. The 
latched data is sent to the next stage as the reproduced 
data 109 together with the extracted clockl 10. 
[0104] The timing of each signal in the second embod- 
iment of the dock recovery circuit according to the 
present invention shown in Rg. 3A will be described 
with reference to Fig. 3B. which is a timing chart of the 
associated signals. 

[0105] Fig. 3B illustrates the timings of the reference 
dock 108. data 107. first clock A. second clock B. 
extracted clock 110 and reproduced data 109. 
[0106] As shown In Fig. 3B. the first clock A is output 
in synchronization with the rising edge of the reference 
clock 108 while the data 107 is at the high logic level, 
and the second clock B is output in synchronization with 
the falling edge of the reference dock 1 08 while the data 
107 is at the low logic level. Accordingly, the extracted 
clock 1 10 is synchronized to the data 107. and so is the 
reproduced data 109. 

[0107] In accordance with the second embodiment, 
therefore, the synchronization of the extracted clockl 10 
to the data 107 in the clock recovery circuit is imple- 
mented by logic circuitry. As a result, synchronization 
error attendant upon voltage fluctuation or the like does 
not readily occur and synchronization time can be short- 
ened. 

[Third Embodiment] 

[0108] A third embodiment of a clock recovery circuit 
according to the present invention will be described with 
reference to Figs. 4A and 4B. Fig. 4A is a circuit diagram 
illustrating a third embodiment of a clock recovery drcuit 
according to the present invention, and Fig. 4B is a tim- 
ing chart of various signals associated with the dock 
recovery circuit shown in Rg. 4A. Components and sig- 
nals in Figs. 4Aand 4B identical with those of the first 
embodiment shown in Figs. 2A and 2B are designated 
by like reference characters. 

[0109] As shown in Fig. 4A, the clock recovery drcuit 
according to the third embodiment of the present inven- 
tion includes a synchronous delay drcuit 100 to which 



the reference dock 108 is input; a first oscillator 101 H, 
to which the data 107 is input, for outputting the first 
dock A; a second oscillator 102H,to which a signal 
(inverted data) obtained by inversion of the data 107 by 

5 the inverter 15 is input for outputting the second clock 
B; the inverter 15, to which the data 107 is input, for 
inverting the data and then outputting the inverted data; 
the pulse combining drcuit 5 for combining the first 
dock A and the second clock B and outputting the result 

10 as the extracted clock 110; the delay circuit 105, to 
which the data 107 is input, for outputting this input data 
upon delaying it; and the latch circuit 106 comprising the 
data-type flip-flop, having a data terminal to which the 
extracted clock 110 output by the pulse combining cir- 

75 cuit 5 is input, in response to which the data-type flip- 
flop latches the data output by the delay circuit 105 and 
outputs the latched data as the reproduced data. 
[01 10] The synchronous delay drcuit 100 indudes a 
first delay line 100A constituted by at least one first tndi- 

20 vidual delay drcuit 100T; and a first selection drcuit 
array 100S constituted by at least one first individual 
selection circuit 100 ST. The pulse combining drcuit 5 
preferably is implemented by a NAND gate for periorm- 
ing a NAND operation in order to execute the pulse 

25 combining operation accurately and with fadlity. 

[01 1 1 ] The first oscillator 1 01 H includes the first selec- 
tion circuit array 1 03 constituted by at least one first indi- 
vidual selection circuit 103T (ordinary order of series 
connection); the first delay line 101 A constituted by at 

30 least one first individual delay circuit 101 AT; and a first 
NAND gate53 for executing a NAND operation. 
[0112] The second oscillator 102H includes the sec- 
ond selection drcuit array 104 constituted by at least 
one second individual selection circuit 104T (reverse 

35 order of series connection); the second delay line 102A 
constituted by at least one second individual delay cir- 
cuit 102AT; and a NAND gate 54 for executing a NAND 
operation. 

[01 1 3] The reference clock 1 08 enters the first delay 
40 line 100 A of the synchronous delay circurt 100 and is 
transmitted along the first delay line 100A while being 
delayed thereby Further, the reference dock 108 enters 
the first selection circuit array 100S of the synchronous 
delay circuit 100 as well, and the signal output by each 
45 first individual selection circuit 100ST constituting the 
first selection circuit array lOOSenters the first and sec- 
ond oscillators 101 H. 102H. 

[01 14] The data 107 is input to the NAND gate 53 of 
the first oscillator 101 H. Further, the signal output by 

so each first individual setection circuit 100ST constituting 
the first selection circuit array 100S of the synchronous 
delay circuit 100 is input to a respective one of the first 
individual selection drcuits 103T constituting the first 
selection circuit array 103 of the first oscillator 101 H. 

55 The output signal of the NAND gate 53 also is input to 
each first individual selection drcuit 103T constituting 
the first selection circurt array 103 of the first osdilator 
101 H. The signal output by each first individual selec- 
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tion circuit 103T constituting the first selection circuit 
array 103 of the first oscillator 101 H is input to the first 
delay line 101 A constituted by at least one first individ- 
ual delay circuit 101 AT The signal input to the first delay 
line 101 A is output to the NAND gate 53. 
[0115] The data 107 and the signal that is output by 
the first delay line 101 A enter the NAND gate 53, which 
proceeds to take the NAND operation between these 
signals and output the first clock A to the pulse combin- 
ing circuits. 

[0116] The signal (inverted data) otrtained by inver- 
sion of the data lOTby the inverter 15 is input to the 
NAND gate 54 of the second oscillator 102H. Further, 
the signal output by the first selection circuit array 100S 
of the synchronous delay circuit 100 enters the second 
selection circuit array 104 constituted by at least one 
second Individual selection circuit 104T of the second 
oscillator 102H. In addition, the output signal from the 
NAND gate 54 enters the second individual selection 
circuits 104T constituting the second selection circuit 
array 104. 

[0117] The signal output by the second selection cir- 
cuit array 104 enters the second delay line 102 A. The 
signal on the second delay line 102A is output to the 
NAND gate 54. 

[0118] Thus, the third embodiment differs somewhat 
from the first and second embodiments and is consti- 
tuted by the synchronous delay circuit 100, first 
oscillatorlOIH, second oscillator 102H, delay circuit 
105 and latch circuit 106. 

[0119] The operation of the clock recovery circuit 
according to the third embodiment will now be 
described in detail. 

[0120] The data 107 enters the first oscillator 101 H 
and the signal obtained by inverting the data 107 enters 
the second oscillator 102H. The reference clock 
lOSenters the synchronous delay circuit 100. The 
number of elements constituting the first and second 
oscillators 101 H. 102H and the oscillation period 
thereof are decided by the pulse inten^al of two succes- 
sive pulses. 

[0121] When the data 107 is a high-level pulse, the 
first oscillator 101H outputs the first clock A the timing 
whereof is synchronized to the rising edge of the 
data107. When the data 107 is a low-level pulse, the 
second oscillator 102H outputs the second clock B the 
timing whereof is synchronized to the falling edge of the 
data 107. The pulse combining circuit 5 combines the 
first and second clocks A, B and outputs the combined 
signal as the extracted clock 110. 
[0122] As in the first and second embodiments, the 
extracted clock 1 10 is output to the latch circuit 1 06 con- 
stituted by the D-F/F, to which the data 107 is input via 
the delay circuit 105. The entered data is latched by the 
latch circuit 1 06 based upon the extracted clock 1 1 0 and 
is sent to the next stage as the reproduced data 109 
together with the extracted clockl 10. 
[0123] The timing of each signal in the third embodi- 



ment of the dock recovery circuit according to the 
present invention shown In Fig. 4A will be described 
with reference to Fig. 4B. which is a timing chart of the 
associated signals. 

5 [01 24] Fig. 4B illustrates the timings of the reference 
clock 108, data 107. first clock A. second dock B, 
extracted clock 110 and reproduced data 1 09. 
[0125] As shown in Fig. 4B, the first clock A is output 
in synchronization with the rising edge of the reference 

10 dock 108 while the data 107 is at the high logic level, 
and the second dock B is output in synchronization with 
the falling edge of the reference clock 108 while the data 
107 is at the low logic level. Accordingly, the extracted 
dock 1 10 is synchronized to the data 107. and so is the 

15 reproduced data 109. 

[0126] In accordance with the third embodinient, 
therefore, the synchronization of the extracted clockl 1 0 
to the data 107 in the clock recovery circuit is imple- 
mented by logic circuitry. As a result, synchronization 

20 error attendant upon voltage fluctuation or the like does 
not readily occur and synchronization time can be short- 
ened. 

[Fourth Embodiment] 

25 

[01 27] A fourth embodiment of a dock recovery circuit 
according to the present invention will be described with 
reference to Figs. 5A and 5B. Fig. 5A is a circuit diagram 
illustrating a fourth eml)odiment of a clock recovery cir- 

30 cuit according to the present invention, and Fig. 5B is a 
timing chart of various signals associated with the clock 
recovery circuit shown in Fig. 5A. Components and sig- 
nals in Figs. 5Aand 5B identical with those of the third 
embodiment shown in Figs. 4A and 4B are designated 

35 by like reference characters. 

[0128] As shown In Fig. 5A, the clock recovery circuit 
according to the fourth embodiment of the present 
invention includes the synchronous delay circuit 100 to 
which the data 107 is input; the first oscillator 101H,to 

40 Which the data 107 is input, for outputting the first clock 
A; the Inverter 15 for Inverting and then out putting the 
data 107; the second oscillator 102H, to which a signal 
obtained by inversion of the data 107 by the inverter 15 
is input, for outputting the second clock B; the pulse 

45 combining circuit 5 for combining the first clock A and 
the second clock B and outputting the result as the 
extracted dock 110; the delay circuit105, to which the 
data 107 is input, for outputting this input data upon 
delaying it; and the latch drcuit106 comprising the data- 

50 type flip-flop, having a data terminal to which the 
extracted clock 110 output by the pulse combining cir- 
cuit 5 is input. 

[01 29] The synchronous delay drcuit 1 00 includes the 
first delay line 100A constituted by at least one first indi- 
55 vidual delay circuit 100T; and the first selection circuit 
array 100S. to which the signal output by each first indi- 
vidual delay circuit 100T constituting the first delay line 
100A is input, constituted by at least one first individual 
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selection circuit 100 ST The pulse combining circuit 5 
preferably is implemented by a NAND gate for perform- 
ing a NAND operation in order to execute the pulse 
combining operation accurately and with facility. 
[01 30] The first oscillator 1 01 H includes the first selec- 
tion circuit array 103 constituted by at least one tirst indi- 
vidual selection circuit 103T; two first delay lines 101 A. 
to each of which a signal output by each first individual 
selection circuit 103T constituting the first selection cir- 
cuit array 103 is input, each constituted by at least one 
first individual delay circuit 101 AT; and a NAND gate 55 
for executing a NAND operation. 
[0131] The second oscillator 102H includes the sec- 
ond selection circuit array 104. to which a signal out put 
by the first selection circuit array 100S is input, consti- 
tuted by at least one second individual selection circuit 
104T; two second delay lines 102 A. to each of which a 
signal output by each second individual selection circuit 
104T constituting the second selection circuit array 104 
is input, each constituted by at least one second individ- 
ual delay circuit 102AT; and a NAND gate56 for execut- 
ing a NAND operation. 

[01 32] The data 1 07 enters the first delay line 1 0OA of 
the synchronous delay circuit 100 and is transmitted 
along the first delay line 100A while being delayed 
thereby. Further, the signal output by each first individ- 
ual delay circuit 100T constituting the first delay line 
100A and the data 107 enter the first selection circuit 
array 100S. and each first individual selection circuit 
100 ST constituting the first selection circuit array 100S 
outputs its signal to the first and second oscillators 
101 H. 102H. 

[01 33] The data 1 07 is input to the NAND gate 55 of 
the first oscillator 101H. Further, each signal output by 
the first selection circuit array 100S of the synchronous 
delay circuit 100 is input to the first selection circuit array 

103 of the first oscillatorl 01 H, and the signals output by 
the first individual selection circuits 103T constituting 
the first selection circuit array 103 enter the two first 
delay lines 101 A alternatively. The signals on the two 
first delay lines 101 A are output to the NAND gate 55. 
The latter outputs the first clock A to the pulse combin- 
ing circuit 5. 

[0134] The connection order of the first and second 
delay lines are opposite to that of the first and second 
individual selection circuits, respectively. Thus the last 
one of the first or second individual delay circuits corre- 
sponds to the first one of the first individual selection cir- 
cuits. This connection order is analogous to Fig. 3A and 
Fig. 4A. Thus the first appearing change will result in 
change at corresponding step. 

[0135] A signal (inverted data] obtained by inversion 
of the data 107 by the inverter 15 is input to the second 
oscillator 102H, Further, each signal output by the first 
selection circuit array 100S of the synchronous delay 
circuit 100 is input to the second selection circuit aray 

104 of the second oscillator 102H, and tiie signals out- 
put by the second individual selection circuits 1 04T con- 



stituting the second selection circuit array 104 enter tiie 
two second delay lines 102 A alternatively. The signals 
on the two second delay lines 102A are output to tiie 
NAND gate 56. The latter outputs tiie second clock B to 

5 the pulse combining circuit 5. 

[0136] The first clock A output by tiie first 
oscillatorl 01 H and the second dock B output by tiie 
second oscillator 1 02H enter tiie pulse combining circuit 
5,which proceeds to combine clocks and output the 

10 result as the extracted clock 1 10. 

[01 37] Thus, as wrtfi the case of the tiiird embodiment, 
the clock recovery circuit according to the fourth embod- 
iment includes the synchronous delay circuit 100 .first 
oscillator 101 H, second oscillator 102H, delay circuit 

15 105 and latch circuit 1 06. The data enters the first oscil- 
lator 101H and. after being inverted, enters the second 
oscillator 102H. 

[0138] In tiie fourth embodiment however, the refer- 
ence clock 108 does not exist. The number of elements 

20 constituting the first and second delay lines 101 A. 102A 
in the first and second oscillators 101 H, 102H and the 
oscillation period are determined so as to obtain a 
period that is half (in the illustrated embodiment) tiie 
minimum pitch of the data 1 07 input to the synchronous 

25 delay circuit 100. A shorter p>eriod than this period may 
be selected, however, witii an increased number of the 
elements. 

[0139] The operation of the clock recovery circuit 
according to the fourth embodiment will now be 

30 described in detail. 

[0140] When the data 107 is a high-level pulse, the 
first oscillator 101H outputs the first clock A the timing 
whereof is synchronized to tiie rising edge of tiie 
data107. When tiie data 107 is a low-level pulse, tiie 

35 second oscillator 102H outputs the second clock B the 
timing whereof is synchronized to the falling edge of the 
data 107. The pulse combining circuit 5 combines the 
first and second clocks A. B and outputs the combined 
signal as the extracted clock 110. 

40 [0141] As in the first through tiiird embodiments, the 
extracted clock 1 10 in the fourth embodiment is output 
to the latch circuit 1 06, to which the data 1 07 is input via 
the delay circuit 105. The entered data is latched by the 
extracted clock 110 and is sent to the next stage as the 

45 reproduced data 109 together witii tiie extracted clock 
110. 

[0142] The timing of each signal In the fourth embod- 
iment of tiie clock recovery circuit according to tiie 
present invention shown in Fig. 5A will be described 
50 with reference to Fig. 5B. which is a timing chart of the 
associated signals. 

[0143] Fig. 5B illustrates the timings of the data 
107.first clock A. second clock B. extracted dock 110 
and reproduced data 109. 
55 [0144] As Shown in Fig. 5B. the first clock A is output 
in synchronization with the rising edge of the reference 
dock 108 while tiie data 107 is at the high logic level, 
and the second dock B is output in synchronization with 
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the falling edge of the reference clock 1 08 while the data 
107 is at the low logic level. The extracted clock 110 is 
synchronized to the data 107,and so is the reproduced 
data 109. In addition, the data 107 is provided with a 
preamble 111. 5 
[0145] In accordance with the fourth enfitKxJIment. 
therefore, the synchronization of the extracted clockl 1 0 
to the data 107 in the clock recovery circuit is imple- 
mented by logic circuitry. As a result, synchronization 
error attendant upon voltage fluctuation or the like does io 
not readily occur and synchronization time can be short- 
ened. 

[01 46] Thus, in accordance with the present invention, 
as described above, a dock is reproduced in a synchro- 
nous delay circuit from a reference clock and minimal is 
pulses of the data signal or from the smallest pulse pitch 
of the data signal. As a result, there can be provided a 
clock recovery circuit in which a synchronized state can 
be obtained by or until a single minimal data pulse, thus 
making it possible to shorten synchronization time. 20 
[0147] As many apparently widely different embodi- 
ments of the present invention can be made without 
departing from the spirit and scope thereof according to 
the entire disclosure and the appended claims, it is to be 
understood that the invention is not limited to the spe- 25 
cif ic embodiments thereof. 

[0148] A clock recovery cirojit capable of shortening 
time needed to obtain a synchronized state includes a 
first synchronous delay circuit to which a reference 
clock and data are input and which outputs a first clock, 30 
and a second synchronous delay circuit to which the ref- 
erence clock and a signal obtained by inverting the data 
by an inverter are input and which outputs a second 
clock. The first and second clocks are combined by a 
pulse combining circuit for producing an extracted clock. 35 
The extracted dock serves as the latch timing of a latch 
circuit. 

[0149] Many variations of the foregoing concept are 
readily apparent to the expert, especially the circuits 
which output the first and second clocks, respectively 40 
may be constituted as desaibed in the different emtxxj- 
iments of the foregoing description, while combinations 
of the features of these embodiments also may be read- 
ily apparent to the expert as alternative solutions. 

45 

Claims 

1 . A dock recovery circuit comprising : 

(a) a first synchronous delay circuit, to which a so 
reference clock and data are input, for output- 
ting a first clock; 

(b) an inverter inverting the data arvj then out- 
putting inverted data: 

(c) a second synchronous delay circuit, to ss 
which the reference clock and inverted data 
that is output by said inverter are input, for out- 
putting a second clock; 




(d) a delay circuit, to which said data is input, 
for outputting this input data upon delaying; 

(e) a pulse combining drcuit. to which the first 
clock output by said first synchronous delay cir- 
cuit and the second clock output by said sec- 
ond synchronous circuit are input, for 
combining these input clocks and outputting 
the result as an extracted dock; and 

(f) a data-type flip-flop, having a data terminal 
to which the extracted clock output by said 
pulse comt3ining circuit is input, in response to 
which said data-type flip-flop latches the data 
that has been delayed in said delay circuit and 
outputs the latched data as reproduced data; 

(g) wherein said first synchronous delay circuit 
has: 

(gi) a first delay line, to which the reference 
clock is input, made up by at least one first indi- 
vidual delay drcuit; 

(g2) a first selection circuit array made up by at 
least one second individual selection circuit to 
which the reference clock output by a respec- 
tive one of the first individual delay circuits 
making up said first delay line is input arKi 
which is rendered conductive based upon the 
data to provide a first generated reference 
clock; and 

(Os) a first NAND gate, to which the data and 
the first generated reference clock that is out- 
put by said first selection circuit array are input, 
for outputting a first clock; and 

(h) said second synchronous delay circuit has: 
(h^) a second delay line, to which the reference 
clock is input, made up by at least one third 
individual delay circuit; 

(h2) a second selection circuit an-ay made up 
by at least one fourth individual selection circuit 
to which the reference clock output by a 
respective one of the third individual delay cir- 
cuits making up said second delay line is input 
arxj which is rendered conductive based upon 
the inverted data to generate a secorxJ gener- 
ated reference dock; and 
(h3) a second NAND gate, to which the data 
inverted by said inverter and the second gener- 
ated reference clock that is output by said sec- 
ond selection drcuit array are input, for 
outputting a second clock. 

2. The clock recovery circuit according to claim 
1, wherein said pulse combining circuit is consti- 
tuted by a third NAND gate. 

3. A clock recovery circuit connprising: 

(a) a first synchronous delay circuit, to which a 
reference dock and data are input, for output- 
ting a first dock; 
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(b) an inverter for inverting the data and then 
oulputting inverted data; 

(c) a second synchronous delay circuit, to 
which the reference dock and the inverted data 
that is output by said inverter are input, for out- s 
putting a second clock; 

(d) a delay circuit, to which said data is input, 4. 
for outputting this input data upon delaying; 

(e) a pulse combining circuit, to which the first 
clock output by said first synchronous delay cir- 10 
cuit and the second clock output by said sec- 5. 
ond synchronous ciroiit are input, for 
combining these input clocks and outputting 

the result as an extracted clock; and 

(f) a data-type flip-flop, having a data terminal is 
to which the extracted clock output by said 
pulse combining circuit is input, in response to 
which said data-type flip-flop latches the data 
that has been delayed in said delay circuit and 
outputs the latched data as reproduced data; 20 

(g) wherein said first synchronous delay circuit 
has: 

(g-i) an 11th delay line, to which the reference 
clock is input, made up by at least one fifth indi- 
vidual delay circuit; 2S 
(gg) a first selection circuit array made up by at 
least one sixth individual selection circuit to 
which the reference dock as well as the refer- 
ence clock output by a respective one of the 
fifth individual delay circuits making up said 30 
11th delay line is input and which is rendered 
conductive based upon the data to provide a 
first generated reference clock; 
(gs) a 12th delay line, to which the clock output 
by each sixth individual selection circuit making 3S 
up said first selection circuit array is input, 
made up by at least one seventh individual 
delay circuit; and 

(g4) a first NAND gate to which the data and the 
first generated reference clock that is output by 40 
the 12th delay line are input; and 

(h) said second synchronous delay drcuit has: 
(h^) a 21st delay line, to which the reference 
clock is input, made up by at least one eighth 
individual delay circuit; 45 
(h2) a second selection circuit array made up 

by at least one ninth individual selection drcuit 
to which the reference clock as well as the ref- 
erence clock output by a respective one of the 
eighth individual delay circuits making up said so 
12th delay line is input and which is rendered 
conductive t>ased upon the inverted data 
inverted by said inverter to generate a second 
generated reference clock: 
(hs) a 22rKJ delay line, to which the reference ss 
clock output by each ninth individual selection 
circuit making up said second selection drcuit 
array is input, made up by at least one tenth 



individual delay circuit; and 
(h4) a second NAND gate to which the inverted 
data inverted by the inverter and the second 
generated reference dock that is output by the 
22nd delay line are input. 

The clock recovery circuit according to claim 
3.wherein said pulse combining drcuit is consti- 
tuted by a third NAND gate. 

A clock recovery circuit comprising: 

(a) a synchronous delay circuit to which a refer- 
ence clock is Input; 

(b) a first oscillator, to which data is input, for 
outputting a first dock; 

(c) an inverter inverting the data arKi then out- 
putting inverted data; 

(d) a second oscillator, to which the inverted 
data output by said inverter is input, for output- 
ting a second clock; 

(e) a pulse combining circuit for combining the 
first dock output by said first osdilator and the 
second clock output by said second oscillator 
and outputting the result as an extracted dock; 

(f) a delay circuit, to which the data is input, for 
outputting this input data upon delaying; and 

(g) a data-type flip-flop, having a data terminal 
to which the extracted dock output by the pulse 
combining circuit is input, in response to which 
the data-type flip-flop latches the data that has 
been delayed in said delay drcuit and outputs 
the latched data as reproduced data; 

(h) wherein said synchronous delay drcuit has: 
(hi) a first delay line, to which the reference 
clock is input, made up by at least one 11th 
individual delay circuit; and 

(h2) a first selection circuit array made up by at 
least one 12th individual selection drcuit to 
which the reference clock as well as the refer- 
ence clock output by a respective one of the 
11th individual delay circuits making up said 
first delay line is input; 

(i) said first oscillator has: 

(i^) an 11th selection drcuit array, to which the 
reference clock output by each 12th individual 
selection circuit making up said first selection 
circuit array is input, made up by at least 
one13th individual selection drcuit: 
(i2) an 11th delay line, to which the reference 
clock output from each 1 3th individual selection 
circuit making up said 11th selection drcuit 
array is input, made up by at least one 14th 
individual delay circuit; and 
(ia) a first NAND gate, to which the data and the 
reference clock that is output by the 1 1th delay 
line are input, for outputting a first clock to each 
13th individual selection circuit making up said 
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llthselection circuit array and to said pulse 

combining circuit; and 

Q) said second oscillator has: 

Oi) a 12th selection circuit array, to which the 

reference clock output by each 12th individual s 

selection circuit making up said first selection 

circuit array is input, made up by at least 

one15th individual selection circuit; 

(j2) a 12th delay line, to which the reference 

clock output from each 1 5th individual selection io 

circuit making up said 12th selection circuit 

array is Input, made up by at least one 16th 

individual delay circuit; and 

O3) a second NAND gate, to which the inverted 

data inverted by said inverter and the reference rs 

clock that is output by said 12th delay line are 

input, for outputting a second clock to each 

15th individual selection circuit constituting 

said 12th selection circuit array and to said 

pulse combining circuit. 20 

6. The clock recovery circuit according to claim 
5, wherein said pulse combining circuit is consti- 
tuted by a third NAND gate. 

25 

7. A clock recovery circuit comprising : 

(a) a synchronous delay circuit to which data is 

input; 

(b) a first oscillator, to which the data is input, 30 
for outputting a first clock; 

(c) an inverter, to which the data is input, for 
outputting inverted data; 

(d) a second oscillator, to which the inverted 
data output by said inverter is input, for output- 35 
ting a second clock; 8. 

(e) a pulse combining circuit, to which the first 
clock output by said first oscillator and the sec- 
ond dock output by said second oscillator are 

input, for combining these two input clocks and 40 9. 
outputting the result as an extracted clock; 

(f) a delay circuit, to which the data is Input, for 
outputting this input data upon delaying; and 

(g) a data-type flip-flop, having a data terminal 

to which the extracted clock output by said 45 
pulse combining circuit is input, in response to 
which said data-type flip-flop latches the 
delayed data output by said delay circuit and 
outputs the latched data as reproduced data; 

(h) wherein said synchronous delay circuit has: so 
(hi) a first delay line, to which the data is input, 
constituted by at least one 1 7th individual delay 
circuit; and 

(h2) a first selection circuit array made up by at 
least one 18th individual selection circuit to ss 
which the data as well as the data output by 
each 17th individual delay circuit making up 
said first delay line is input; 




(i) said first oscillator has: 
(i-,) an 1 1th selection circuit anay, to which the 
data output by each 18th individual selection 
circuit making up said first selection circuit 
array is input, made up by at least one 19th 
individual selection circuit; 
(ig) two 1 1th delay lines, to which the data out- 
put from each 19th individual selection circuit 
making up said 11th selection circuit an^ay is 
input, made up by at least one 20th individual 
delay circuit; and 

(is) a first NAND gate, to which the inverted 
data as well as the data that is output by said 
two 1 1th delay lines is Input, for outputting a 
first clock to each 19th individual selection cir- 
cuit making up said llthselection circuit array 
and to said pulse combining circuit; and 
G) said second oscillator has: 
Gi) a 12th selection circuit array, to which the 
data output by each 18th individual selection 
circuit making up said first selection circuit 
array is input, made up by at least one 21st 
individual selection circuit; 
02) two 12th delay lines, to which the data out- 
put from each 21st individual selection circuit 
making up said 12th selection circuit array is 
input, made up by at least one 22nd individual 
delay circuit; and 

Gs) a second NAND gate, to which the data as 
well as the data that is output by said two 12th 
delay lines Is input, for outputting a second 
clock to each 21st individual selection circuit 
making up said 12thselection circuit array and 
to said pulse combining circuit. 

The clock recovery circuit according to claim 
7,wherein said pulse combining circuit is consti- 
tuted by a third NAND gate. 

A clock recovery circuit comprising: 

(a) a first synchronous delay circuit, to which a 
data signal is input, for outputting a first clock 
(A); 

(b) an Inverter inverting the data signal and 
then outputting an inverted data signal; 

(c) a second synchronous delay circuit, to 
which said inverted data signal is input, for out- 
putting a second clock (B); 

(d) a delay circuit, to which said data signal Is 
Input, for outputting this input data signal upon 
delaying; 

(e) a pulse combining circuit, to which the first 
clock (A) and the second clock (B) are input for 
combining these input clocks and outputting 
the result as an extracted clock; and 

(f) a data-type flip-flop, having a data terminal 
to which the extracted clock output by said 
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pulse combining circuit is input, in response to 
which said data-type flip-flop latches the data 
signal that has been delayed in said delay cir- 
cuit and outputs the latched data signal as a 
reproduced data signal; 5 
(g) wherein said first and second synchronous 
delay circuits are mutually complementary syn- 
chronous multi-step delay circuits oulputting 
first and second output signals synchronized 
with said data signal during a period of time 10 
which corresponds to the first state and second 
state of said data signal, respectively, as a 
pulse signal having a pulse period substantially 
shorter than the minimal period of the states of 
said data signal so as to minimize the time is 
period needed to reach synchronization. 

10. The clock recovery circuit according to claim 9, 
wherein said synchronous delay circuits receive a 
reference dock for synchronization having said 20 
pulse period of the pulse signal. 

11. The clock recovery circuit according to claim 9. 
wherein said pulse period of the pulse signal is a 
half of the minimal period of the states of the data 2S 

signal. 

12. The clock recovery circuit according to claim 10, 
wherein each of said-synchronous multi-step delay 
circuits comprises an array of Individual delay dr- 30 
cuits. each step of which is connected to a corre- 
sponding step of an array of individual selection 
circuits, and 

wherein said data signal Is supplied to each 
step of said an-ay of the individual selection circuits 3s 
to allow any of this step to output a generated refer- 
ence clock which is supplied to a NAND which fur- 
ther receives said data signal and outputs any of 
the first and second clocks (A. B), respectively. 

40 

13. The clock recovery circuit according to claim 12, 
wherein said array of Individual selection circuits Is 
connected in the same order as the array of individ- 
ual delay circuits. 

45 

14. The clock recovery circuit according to claim 12. 
wherein said array of individual selection circuits Is 
connected in an order opposite to the array of indi- 
vidual delay circuits. 

so 

15. A clock recovery drcuit comprising: 

(a) a synchronous multi-step delay circuit to 
which a reference clock is input; 

(b) a first oscillator, to which a data signal Is ss 
input, for outputting a first clock (A); 

(c) an Inverter Inverting the data signal and 
then outputting an inverted data signal; 



(d) a second oscillator, to which the inverted 
data signal output by said inverter is input, for 
outputting a second clock (B); 

(e) a pulse combining circuit tor combining the 
first clock (A) output by said first oscillator and 
the second clock (B) output by said second 
oscillator and outputting the result as an 
extracted dock; 

(f) a delay circuit, to which the data signal Is 
input, for outputting this Input data signal upon 
delaying; and 

(g) a data-type flip-flop, having a data terminal 
to which the extracted dock output by the pulse 
combining circuit Is Input, In response to which 
the data-type flip-ftop latches the data signal 
that has been delayed in said delay circuit and 
outputs the latched data signal as a repro- 
duced data signal; 

(h) wherein said synchronous multi-step delay 
circuit comprises an array of individual delay 
circuits, each step of which provides a gener- 
ated reference clock to be supplied to each 
step of the first and second oscillators. 

(i) wherein said first and second oscillators are 
mutually complementary synchronous oscilla- 
tors outputting first and second output signals 
synchronized with said data signal during a 
period of time which corresponds to the first 
state and second state of said data signal, 
respectively, as a pulse signal having a pulse 
period substantially shorter than the minimal 
period of the states of said data signal so as to 
minimize the time period needed to reach syn- 
chronization. 

16. A clock recovery circuit comprising: 

(a) a synchronous multi-step delay drcuit to 
which a data signal is Input; 

(b) a first oscillator, to which the data signal Is 
input, tor outputting a first clock (A); 

(c) an Inverter, to which the data signal is Input, 
for outputting an inverted data signal; 

(d) a second oscillator, to which the inverted 
data signal output by said inverter Is input, for 
outputting a second clock (B); 

(e) a pulse combining circuit, to which the first 
clock (A) and the second clock (B) are input, for 
combining these two Input docks and output- 
ting the result as an extracted clock; 

(f) a delay circuit, to which the data signal is 
input, for outputting this input data signal upon 
delaying; and 

(g) a data-type flip-flop, having a data terminal 
to which the extracted clock output by said 
pulse combining circuit is input, in response to 
which said data-type flip-flop latches the 
delayed data signal output by said delay drcuit 
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and outputs the latched data as reproduced 
data signal; 

(h) wherein said synchronous multi-step delay 
circuit comprises an array of individual delay 
circuits, each step of which provides a gener- s 
ated reference clock to be supplied to each 
step of the first and second oscillators, 
(1) wherein said first and second oscillators are 
mutually complementary synchronous oscilla- 
tors outputting first and second output signals 10 
synchronized with said data signal during a 
period of time which corresponds to the first 
state and second state of said data signal, 
respectively, as a pulse signal having a pulse 
period substantially shorter than the minimal is 
period of the states of said data signal so as to 
minimize the time period needed to reach syn- 
chronization. 
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